141 also recorded. The clinical examination was performed under the aforementioned 142 conditions. For this evaluation, the examiner followed pre-signaled charts with the 143 occlusal sites evaluated at the baseline.
Statistical Analyses 145
Caries progression was set as the outcome in further analysis and the evaluated 146 sites were dichotomized into those that presented caries progression and those that did 147 not. Each of the clinical features related to the activity status of caries lesions (potential 148 for plaque stagnation, colour, lustre, surface integrity, texture, and lesion depth) was 149 tested as an independent variable.
150
To evaluate caries progression, the baseline and follow-up assessment results 151 were compared. Caries progression was considered when cavities with dentine 152 exposure and/or teeth were restored or extracted because of caries as progression.
153 Progression not related to cavitation exposing the dentine (e.g., ICDAS score 1-to 154 ICDAS 2) was not considered for analyses. To verify the association of caries 155 progression with the independent variables (clinical features), multilevel Poisson 156 analyses were performed, considering the tooth and the child as the levels. Univariate 157 analyses were performed both for the full sample and for non-cavitated lesions. For 158 these analyses, we alternatively considered caries progression excluding cases that 159 were restored after 1 year. 6 162 the effect of another related variable in a multiple model if they are strongly associated 163 with each other, despite being equally crucial individually in explaining the outcome.
164 However, the interactions among some of the variables was tested to evaluate the 165 possible benefit of combining these variables in assessing caries lesion activity.
166
Besides, to simulate the use of systems that combine these characteristics, we 167 created other 2 independent variables regarding lesions activity status. First, we 168 assumed that an initial or established active lesion would be whitish/yellowish, with no 169 lustre and with rough enamel. If a lesion did not present these three features at the 170 same time, it was classified as inactive. Second, we assumed that an active lesion 171 should present at least two of the three aforementioned clinical features.
172
The relative risk for the clinical features (alone or combined with one or more 173 other clinical features) was calculated, with 95% confidence interval (95% CI). The 174 level of significance was set at 5%.
176 Results

177
The intra-examiner reproducibility in the assessment of clinical parameters by the 178 experienced examiner was high (Kappa values: 0.93 (95% CI = 0.90-0.97) for lesion 179 depth and surface integrity, 0.98 (95% CI = 0.97-1.0) for plaque stagnation, 0.96 (95% 180 CI = 0.93-0.99) for color, 0.88 (95% CI = 0.85-0.91) for texture, and 0.90 (95%CI = 181 0.87-0.93) for luster). Regarding the follow-up examiner, an intra-examiner agreement 182 (weighted Kappa) of 0.849 and an inter-examiner agreement of 0.92, considering the 183 experienced examiner, were reached.
184
Out of 205 children examined at the baseline (1361 surfaces), 100 were girls 185 (49%) and 105 were boys (51%). The mean age (standard deviation, SD) was 7 (2.1) 186 years. After approximately 1 year, 148 children (72%) were reassessed. The mean 187 time of re-examination (SD) was 395 (70.8) days. In the follow-up, the sample 188 comprised 70 girls (47%) and 78 boys (53%), with a total of 949 surfaces. From these, 189 828 occlusal surfaces that did not initially present frank cavitation into the dentine were 190 reassessed. A total of 121 surfaces were unavailable for evaluation because the 191 primary teeth were exfoliated.
192
The children reassessed after 1 year had similar caries experience on the basis 7 195 DMFS (SD) = 6.3 (6.7); p = 0.57). The number of reexamined caries-active children 196 was also similar to those who were not followed-up (p = 0.90).
197
The status of examined surfaces at the baseline and at follow-up is shown in 198 828 0 -6 = ICDAS scores; E = indicated for extraction / extracted tooth due to caries; R = restored surface. * lesions were clinically classified into dentine only if a shadow was observed under enamel (even without dentine exposure) -cavities exposing dentine were not considered in these analyses. The highlighted columns correspond to the surfaces on which were considered progression.
202
Dentine lesions had a probability of progression approximately 10 times higher 203 than that of sound surfaces. Conversely, enamel lesions were only three times more 204 prone to progression compared with sound sites (Table 2) . Similarly, cavitated lesions 205 were six times more closely associated with caries progression than non-cavitated 206 surfaces. When only non-cavitated lesions were considered, dentine lesions (shadows) 207 were strongly associated with lesion progression (Table 2 ). 8 210 alteration in colour. Among the non-cavitated lesions, darker surfaces had a higher 211 probability of progression compared to non-stained sites (Table 2) .
212
Lesions without lustre progressed twice as high than those lesions with lustre. 213 The same phenomenon was observed for surfaces presenting rough enamel compared 214 to smooth enamel. However, for the non-cavitated lesions, only texture was a risk 215 factor for caries progression (Table 2) .
216 * with dentine exposure (ICDAS scores 5 and 6) ** lesions were clinically classified into dentine only if a shadow was observed under enamel (even without dentine exposure) -cavities exposing dentine were not considered in these analyses.
Similar trends were observed when restorations were not included in the outcome 222 (Table 3) . However, when only non-cavitated lesions were considered under these 223 conditions, no associations were observed (Table 3) .
225
226 3.60 (0.24 -53.75) * with dentine exposure (ICDAS scores 5 and 6) ** lesions were clinically classified into dentine only if a shadow was observed under enamel (even without dentine exposure) -cavities exposing dentine were not considered in these analyses.
233 for active status (Table 4 ). However, for non-cavitated lesions, when at least two 234 clinical features were positive for active status, the sites had a two-fold higher risk for 235 progression compared to sound surfaces (Table 4 ).
236
Cavitated lesions showed higher risk of progression regardless of texture or 237 lustre (Table 4) . Different from smooth surfaces, rough whitish lesions were more prone 238 to progression than sound sites (Table 4 ). The texture evaluation of black/brownish 239 caries lesions also seemed to improve the prediction of caries progression.
240 Furthermore, the magnitude of the association with caries progression increased when 241 texture and color were combined (Table 4 ). Among non-cavitated lesions, only rough 242 black/brownish samples were associated with caries progression (Table 4 ).
243 Additionally, no combination between luster and texture was associated with caries 244 lesion progression.
245
246 
256
This study aimed to clarify the predictive power of these clinical characteristics of 257 active lesions for caries progression. Hence, we used a sample selected from children 258 who had sought dental treatment. Because our sample was calculated a priori, we 259 based it on a younger population [14] ; older children may have less active caries 260 lesions [16] because some lesions have more time and opportunity to be arrested and, 261 accordingly, a larger sample would be necessary if we considered this difference.
262 Conversely, the age group included may reflect a greater likelihood of seeking 263 treatment, being representative of the population that we aimed to study. In addition, 264 even considering this limitation, we obtained statistical power for demonstrating some 265 crucial associations in our findings.
266
Similar trends were observed both when restorations were and were not 267 considered as caries progression. Patients were followed-up but not treated by the 268 researchers. Therefore, it is reasonable to consider restoration as progression even if 269 the tooth had been restored by another professional before the established follow-up.
270
We could not eliminate the possibility of interference from individual professionals' 271 choice for operative treatment [17] . Although punctual variation in estimates was 272 observed, confidence intervals showed that the variables behaved similarly 273 independent of the outcome considered. Greater differences were observed for non-274 cavitated lesions, but likely because of sample power, rather than changes in the 275 association itself. Some sound surfaces and initial enamel lesions at baseline were 276 restored during the study. However, we observed that a similar proportion of these 277 lesions progressed to advanced lesions (ICDAS scores 5 and 6) after 1 year, 278 reinforcing the aforementioned points.
279
Our results evidenced that severity may be a strong factor for predicting caries 280 lesion progression. Between 60% and 85% of cavitated or dentine caries lesions 281 progressed after 1 year. Lesion depth and the presence of cavities were two strongly 282 interrelated features indicating caries lesion severity. Dentine lesions tend to become 283 cavitated more easily because of their specific structure and composition [18] . Because 14 284 of a high level of infection of the enamel-dentine junction, cavitated lesions are often 285 histologically active [2, 19] and are consequently more difficult to arrest than non-286 cavitated lesions.
287
Cavitated lesions become inactive only when control of the biofilm through daily 288 toothbrushing is possible [20] , such as in considerably small and accessible cavities or 289 extensive decay. The first studies concerning these lesions were conducted on large 290 cavities. Thus, they were easily cleaned through toothbrushing and could be arrested 291 [2] because the conditions were favorable. Besides difficulties in controlling the local 292 biofilm, several cavitated caries lesions, clinically located at the enamel, can also 293 present some dentine involvement [21] . Caries lesions scored as ICDAS 3 or 4 present 294 higher progression rates than those with lower scores [22] , likely explaining why the 295 combination of lesion severity assessment and other parameters, such as luster and 296 texture, did not provide additional benefit in the prediction of caries progression. Thus, 297 established decay (shadows and/or cavitated lesions) could be the first sign of caries 298 progression, indicating the need for specific measures to stop this process. 320 Studies that have demonstrated the loss of lustre as a classical characteristic 321 associated with active caries have mainly evaluated areas of intense plaque 322 accumulation, as areas around orthodontic appliances. In these studies, appliances 323 were removed during the study to permit the tooth cleaning and fluoride application 324 was intensified to stimulate quick remineralization of the surface, resulting in a gain in 325 its lustre [4, 23] .
326
Clinically, especially in occlusal surfaces, the reversion of lesion status could be 327 slower and less evident than in aforementioned conditions. In addition, differences in 328 enamel porosity may impede the differentiation of caries lesions and other enamel 329 defects [24] . We should also consider that changes in the clinical appearance of caries 330 lesions may have been due to professional cleaning prior to examination. We believe, 331 however, that the effect of this procedure would have been low because we assessed 332 occlusal surfaces. Accordingly, to predict caries lesion progression, it seems accurate 333 and simpler to assess only the texture of non-cavitated occlusal caries lesions, instead 334 of assessing both parameters (texture and luster) together. 
344
Because clinical features tend to reflect caries lesion activity at the moment of the 345 clinical examination, a static time point, the importance of evaluating some features 346 conjointly is paramount. However, our findings suggest that some of these parameters 347 could be more helpful in this task than others, which could simplify lesion activity 348 assessment.
349
In conclusion, caries with clinical involvement of the dentine as well as cavitated 350 caries lesions (even if, with clinical involvement of only the enamel) had a higher risk of 351 progression compared to sound or non-cavitated surfaces. Thus, evaluating other 352 conjoint parameters seems unnecessary. However, superficial roughness can be a 353 useful feature to help in predicting the risk of caries lesions.
